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Fig.	1.	 (a)	Map	of	Antarctica	 showing	 the	study	region	 (red	box)	 in	 the	western	Ross	Sea	and	 (b)	
enlarged	map	of	study	area	showing	krill	(red	circles)	and	silverfish	(yellow	circles)	sample	locations	







Fig.	 2. Primary	 mid-trophic	 level	
species	 in	 the	 Ross	 Sea;	 (a)	 Adult	
Euphausia	 superba,	 (b)	 Adult	
Euphausia	 crystallorophias,	 and	 (c)	
Larval	 Pleuragramma	 antarcticum.	



































Fig.	 3.	 Ross	 Sea	 food	 web	 showing	 relative	 trophic	 levels,	 flow	 of	 organic	 carbon	 (arrows),	 and	






































































































































































































































Table	1.	Summary	of	cruises,	 collection	method,	 species	sampled,	 life	history	stage,	measurement	
units	 and	 references	 for	 the	 krill	 data	 used	 in	 this	 study.	 	 Collection	 method	 codes:	 1-EZ-NET-
BIONESS;	2-HPN	(Hamburg	Plankton	Net);	3-Echosounder;	4-Biosonics	102	Scientific	Echosounder;	







































































































































































































































































































































































































































































































	(b)	 Average	 growing	 season	
(December	 –	 February)	 chlorophyll	
(mg	 m-3)	 climatology	 derived	 from	
SeaWiFS	 measurements	 made	 1997-
2002.	 	 Data	 provided	 by	 D.	
McGillicuddy,	PRISM	project	
(c)	 Summer	 average	 (December-
February)	 mixed	 layer	 depth	 (m)	













































































































































































































































































(orange	 circles),	 and	 90%	 (light	 orange	
circles)	significance	level	for	(a)	Antarctic	krill	
(b)	 crystal	 krill	 and	 (c)	 Antarctic	 silverfish	
early	 life	 stages	obtained	 from	the	optimized	
hot	 spot	 analysis.	 Regions	 that	 do	 not	 have	













































Fig.	 12.	Frequency	distribution	of	 crystal	krill	biomass	observations	as	a	 function	 of	potential	








































Moran's	I	Index Expected	Index z-score p-value Variance Results
Antarctic	Krill
Biomass 0.0401 -0.0028 0.760 0.4474 0.0032 Random
Bathymetry 0.7257 -0.0028 12.796 <0.0005 0.0032 Clustered
Temperature 0.7925 -0.0029 12.617 <0.0005 0.0040 Clustered
Chla 0.7640 -0.0034 12.100 <0.0005 0.0040 Clustered
MLD 0.6291 -0.0028 11.124 <0.0005 0.0032 Clustered
Sea	Ice 0.7744 -0.0028 13.669 <0.0005 0.0032 Clustered
Speed 0.6307 -0.0028 11.212 <0.0005 0.0032 Clustered
Coast 0.6417 -0.0028 11.302 <0.0005 0.0033 Clustered
Shelf	Break 0.7936 -0.0028 13.962 <0.0005 0.0033 Clustered
Crystal	Krill
Biomass 0.8018 -0.0030 11.760 <0.0005 0.0047 Clustered
Bathymetry 0.3428 -0.0030 4.870 <0.0005 0.0050 Clustered
Temperature 0.6922 -0.0030 9.693 <0.0005 0.0051 Clustered
Chla 0.5378 -0.0030 7.534 <0.0005 0.0052 Clustered
MLD 0.7539 -0.0030 10.587 <0.0005 0.0051 Clustered
Sea	Ice 1.5303 -0.0030 21.410 <0.0005 0.0051 Clustered
Speed 0.6442 -0.0030 9.172 <0.0005 0.0050 Clustered
Coast 0.9119 -0.0030 12.770 <0.0005 0.0051 Clustered
Shelf	Break 1.2455 -0.0030 17.380 <0.0005 0.0052 Clustered
Antarctic	Silverfish
Biomass 0.7315 -0.0025 14.023 <0.0005 0.0027 Clustered
Bathymetry 0.8768 -0.0025 16.406 <0.0005 0.0029 Clustered
Temperature 0.9754 -0.0025 18.223 <0.0005 0.0029 Clustered
Chla 0.8038 -0.0025 15.028 <0.0005 0.0029 Clustered
MLD 0.8705 -0.0025 16.320 <0.0005 0.0029 Clustered
Sea	Ice 1.1585 -0.0025 21.731 <0.0005 0.0029 Clustered
Speed 0.6049 -0.0025 11.494 <0.0005 0.0028 Clustered
Coast 1.0193 -0.0025 19.048 <0.0005 0.0029 Clustered

















Moran's	I	index Expected	Index z-score p-value Variance Results
Antarctic	Krill
Biomass -0.0499 -0.0256 -0.127 0.8988 0.0362 Random
Bathymetry 0.9280 -0.0256 4.975 <0.0005 0.0367 Clustered
Temperature 0.6785 -0.0256 3.730 <0.0005 0.0356 Clustered
Chla 0.7537 -0.0256 4.121 <0.0005 0.0358 Clustered
MLD 0.9062 -0.0256 4.913 <0.0005 0.0360 Clustered
Sea	Ice 0.3531 -0.0256 2.300 0.0215 0.0271 Clustered
Speed 0.7850 -0.0256 4.322 <0.0005 0.0352 Clustered
Coast 0.5266 -0.0256 2.918 0.0035 0.0358 Clustered
Shelf	Break 1.0884 -0.0256 5.941 <0.0005 0.0352 Clustered
Crystal	Krill
Biomass -0.1317 -0.0227 -0.665 0.5062 0.0268 Random
Bathymetry 0.6851 -0.0227 4.251 <0.0005 0.0277 Clustered
Temperature 0.4304 -0.0227 2.978 0.0029 0.0232 Clustered
Chla 0.9143 -0.0227 5.637 <0.0005 0.0276 Clustered
MLD 0.5988 -0.0227 3.901 <0.0005 0.0254 Clustered
Sea	Ice 0.8470 -0.0227 5.266 <0.0005 0.0273 Clustered
Speed 0.7110 -0.0227 4.483 <0.0005 0.0268 Clustered
Coast 0.5437 -0.0227 3.544 <0.0005 0.0255 Clustered
Shelf	Break 0.8193 -0.0227 5.092 <0.0005 0.0273 Clustered
Antarctic	Silverfish
Biomass 0.6843 -0.0222 4.162 <0.0005 0.0288 Clustered
Bathymetry 0.7499 -0.0222 4.595 <0.0005 0.0282 Clustered
Temperature 0.4670 -0.0222 2.971 0.0030 0.0271 Clustered
Chla 0.5686 -0.0222 3.504 <0.0005 0.0284 Clustered
MLD 1.0631 -0.0222 7.120 <0.0005 0.0232 Clustered
Sea	Ice 0.5809 -0.0222 3.713 <0.0005 0.0264 Clustered
Speed 0.3690 -0.0222 2.402 0.0163 0.0265 Clustered
Coast 0.5084 -0.0222 3.178 0.0015 0.0279 Clustered















Antarctic	 silverfish	 (red	 line)	 obtained	 from	 the	 entire	 data	 set	 (Ross	 Sea	 scale).	 Modes	 with	
eigenvalues	greater	than	the	mean	(=	1),	(magenta	line)	are	significant		
	 	 	













































































Fig.	 15.	 Eigenvectors	 showing	 partitioning	 of	 variance	 for	 each	 significant	 EOF	 mode	 and	
environmental	variable	obtained	from	the	entire	data	set	(Ross	Sea	scale)	for	(a)	Antarctic	krill,	(b)	
crystal	krill,	and	(c)	Antarctic	silverfish.	Environmental	variables	are	abbreviated	as:	Long-longitude,	



































































































































































































































































Fig.	 17.	 Eigenvectors	 showing	 partitioning	 of	 variance	 for	 each	 significant	 EOF	 mode	 and	
environmental	variable	obtained	from	the	data	set	defined	by	the	99%	confidence	level	from	the	hot	
spot	 analysis	 (hot	 spot	 scale)	 for	 (a)	 Antarctic	 krill,	 (b)	 crystal	 krill,	 and	 (c)	 Antarctic	 silverfish.	










Table	 6.	 Summary	 of	 the	 dominant	 variables	 and	 direction	 of	 change	 (positive	 (+),	 negative	 (-))	
relative	to	the	mean	for	each	species	at	the	Ross	Sea	scale	and	the	hot	spot	scale	obtained	from	the	




























































































Fig.	 19.	 Eigenvectors	 showing	 partitioning	 of	 variance	 for	 each	 significant	 EOF	 mode	 and	
environmental	variable	obtained	from	the	species	interaction	data	set.	Environmental	variables	are	



































































































>$1000$m 1°C$to$1.25°C No$association Deep$mixed$layer
500$>$800$m >1.75°C$to$>2°C Shallow$depth Northerly$latitude
Shallow$mixed$layer Cold$temperature
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